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filling	 times	 and	 injection	 pressure	 calculated	 by	 the	 simulations.	 Other	 effects	 investigated	 included	
transient	thermal	management	of	the	mold,	pressure	dependent	viscosity	and	wall	slip,	but	their	effect	were	







































the	 molding	 machine.	 However	 in	 the	 present	 work	 a	 more	 comprehensive	 study	 of	 the	 influencing	
parameters	 on	 the	 simulation	 results	 is	 carried	 out.	 Using	 pressure	 sensors	 and	 thermocouples	 in	
combination	with	a	high	speed	camera,	 the	goals	are	 to	capture	and	characterize	 the	 filling	of	 the	mold	
cavity,	 as	well	 as	 to	 analyze	 and	 compare	 the	 flow	pattern	with	 simulation	 on	 a	 time	basis.	 Deviations	
between	experiments	and	simulation	predictions	will	be	studied.	Different	features	in	the	software	will	be	
utilized	to	minimize	the	observed	deviations	in	order	to	obtain	the	correct	timings	of	the	filling	pattern.	The	


































materials	were	 employed	 for	 the	 experiments,	 the	 first	 being	 a	 natural	 colored	 acrylonitrile	 butadiene	
styrene	(ABS)	grade	with	a	melt	flow	index	(MFI)	of	7	g/10min	and	the	second	a	gray	colored	high	viscosity	
































For	 the	 flow	 simulations	 the	 principle	 of	 conservation	 of	mass,	momentum	 and	 energy	 is	 used	 for	 the	
governing	equations:	
߲݌
߲ݐ ൅ ׏ ∙ ߩ࢛ ൌ 0	 (1)	
߲
߲ݐ ሺߩ࢛ሻ ൅ ׏ ∙ ሺߩ࢛࢛ െ ࣌ሻ ൌ ߩࢍ	 (2)	
࣌ ൌ െ݌ࡵ ൅ ߟሺ׏࢛ ൅ ׏்࢛ሻ	 (3)	
ߩܿ௣ ൬߲߲ܶݐ ൅ ࢛ ∙ ׏ܶ൰ ൌ ׏ሺ݇׏ܶሻ ൅ Φ	 (4)	









ߟ଴ሺܶ, ݌ሻ ൌ ܦଵ ቈെ ܣଵ
ሺܶ െ ܶ∗ሻ
ܣଶ ൅ ሺܶ െ ܶ∗ሻ቉	 (7)	
where	ܣଵ,	ܣଶ,	and	ܦଵ	are	material	constants,	and	ܶ∗	is	taken	as	the	glass	transition	temperature	which	can	
vary	with	pressure	through	ܦଷ:	
ܶ∗ ൌ ܦଶ ൅ ܦଷ݌	 (8)	
For	tracking	the	fluid	flow	front	a	level	set	method	is	employed:	
߲݂
߲ݐ ൅ ׏ ∙ ሺ࢛݂ሻ ൌ 0	 (9)	
Where	݂	is	the	volume	fraction,	where	݂ ൌ 0	is	the	air	phase,	and	݂ ൌ 1	is	the	polymer	melt	phase.	The	melt	
front	is	tracked	by	the	elements	with	0 ൏ ݂ ൏ 1.	The	equations	are	solved	numerically	with	a	finite	volume	












necessary	 in	 order	 to	 obtain	 an	 accurate	 implementation	 of	 the	 simulation	 and	 therefore	 to	 be	 able	 to	
compare	the	simulated	flow	front	pattern	with	the	high	speed	camera	video	both	during	the	filling	and	the	




by	 the	melt	 to	 travel	 between	 those	 two	 points	 was	 found.	 The	 two	 timings	 t(T1)	 and	 t(T2)	 are	 then	
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subtracted	 and	 the	 time	 interval	 t(T1T2)	 between	 the	 two	 thermocouples	 is	 determined.	 The	 time	
needed	by	the	melt	to	travel	from	the	thermocouple	T2	until	the	V/P	switch‐over	point	is	then	found	by	


















































Other	 effects	 investigated	were	 transient	 thermal	 setting	of	 the	mold	 temperature,	pressure	dependent	
viscosity	and	wall	slip.	They	will	be	explained	in	detail	in	the	following.	
3.3.1 Transient	thermal	simulation	
































































































































































SECTION	 ABS	 HVPC	ABSOLUTE	DEVIATION		 RELATIVE	DEVIATION		 ABSOLUTE	DEVIATION		 RELATIVE	DEVIATION		
A	 13	ms	 65,0	%	 1	ms	 2,8	%	
B	 28	ms	 36,8	%	 ‐15	ms	 ‐12,3	%	
C	 9	ms	 5,6	%	 ‐91	ms	 ‐34,0	%	
D	 8	ms	 2,4	%	 ‐231	ms	 ‐29,1	%	
E	 20	ms	 5,1	%	 ‐251	ms	 ‐20,8	%	


















the	experiments.	The	most	 accurate	 simulation	 results	 showed	simulations	deviations	within	10‐30	ms	
(relative	deviation	in	order	of	5‐10%)	for	the	ABS	and	slightly	more	for	the	high	viscosity	PC,	in	the	range	
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of	100‐500	ms	(relative	deviation	in	order	of	20‐30%)	on	timings	between	different	sections	during	filling.	
The	reason	for	the	HVPC	not	being	as	close	to	the	experiments	as	ABS,	is	suspected	be	that	the	viscosity	is	
more	sensitive	to	temperature,	it	showed	some	wall	slip	and	that	a	cold	plug	is	observed	in	the	runner	in	
the	high	speed	videos.	The	pressure	levels	from	the	sensors	agree	very	well	for	ABS,	and	for	HVPC	there	is	
a	slight	deviation,	mostly	in	the	timings,	since	the	curvature	and	the	levels	of	the	pressure	profiles	are	in	
fairly	good	agreement	with	the	experiments.	
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